Dentists have a high prevalence of musculoskeletal (MS) pain, which is the most common symptom associated with work-related musculoskeletal disorders (WMSDs). To overcome this problem, identification of the risk factors and preventive measures for MS pain are of paramount importance to dentists in order to improve their quality of life and work. OBJECTIVES: The aims of this study were to recognize the risk factors for MS pain and their impact on dental work, as well as to identify preventive measures of MS pain among dentists. METHODS: Self-reporting questionnaire consisting of 78 questions was exclusively developed for the study and sent to 500 working active dentists in Serbia. RESULTS: Response rate was 71.2% (356 dentists). The prevalence of MS pain was 82.6% among dentists. The main risk factors for MS pain were advanced age, female dentists, presence of chronic diseases, long working hours, and high frequency of treated patients. The most effective preventive measures in preventing MS pain were massage treatments and physical activities. Followed by use of ergonomically designed equipment, correct and dynamic working positions, and an adequate workflow organization. CONCLUSION: The risk factors for MS pain and their impact on dental work should widely be disseminated among dentists. Importantly, proper implementation in everyday life of adequate preventive measures is essential for preventing MS pain and development of WMSDs.
Introduction

Musculoskeletal disorders in dentistry
Dentistry is known as physically highly demanding in comparison with other medical professions [1] . Dentists work in non-ergonomic working environments, which include human-tool-human interfaces [2] . Dentists, while performing various dental procedures, have static and awkward postures with repeated motions; consequently, over long periods of time they develop WMSDs [3] [4] [5] [6] . According to some authors, WMSDs occur more frequently in dentistry than in other medical professions [5] [6] [7] [8] .
Risk factors for MSDs
Musculoskeletal disorders (MSDs) are injuries or pain in the body's muscles, bones, nerves, joints, ligaments, and blood vessels. Accumulation of these micro-injuries in the body may develop into a more serious injury over time [9] .
Etiology of WMSDs is multi factorial according to the World Health Organization (WHO) [10] . Workplace environment is one of the major factors which can cause and exacerbate WMSDs, but also it is feasible to change most of its aspects. Demographic characteristics, workflow organization, interpersonal relationships at workplace, and health characteristics of dentists are the main fields to look into for the major risk factors for MS pain and development of WMSDs [10, 11] .
MS pain is the most common early symptom associated with development and presence of WMSDs [2] . MS pain is very frequent among dentists and the most commonly affected areas include the back, shoulders, and neck [12] . Prolonged static contractions during work are the main physical demands of the dental profession which generates a decrease in oxygenation levels within the muscles and causes accumulation of lactic acid that metabolizes and causes pain [12, 13] .
Work-related pain experienced by dentists leads to false, slow, and useless movements during work, which causes longer working times, and reduces quality of dental work and satisfaction of patients [2, 14] .
Attempts to combat MS pain
The well-known concept of four-handed dentistry was born in the 1960 s and it was one of the main attempts to prevent MSDs in the dental profession. The concept implies adequate positioning between dentist and dental assistant with proper workflow treatment planning and use of adequate ergonomically designed dental equipment [15] . This concept vastly improves the productivity of the dental team and quality of dental procedures. Furthermore it reduces the stress and fatigue felt by a single handed dentist. Although the concept has proposed sitting position and use of ergonomic chairs, seated working position does not reduce MSDs [16] . The prevalence of MS pain among dentists ranges between 64% and 93% [5] [6] [7] [8] . In addition, some studies indicated that the frequency of MSDs among dentists is even higher in the last decade [13, 17] .
Nowadays, use of the optical devices such as loupes and microscopes has increased in the dental profession which are associated with less awkward postures and decreased level of the static muscle load work in different work positions [18, 19] . Interestingly, there are only a few studies conducted to assess preventive measures for reducing work-related MS pain in dentistry.
Contribution of this study in the prevention of MS pain among dentists
There are many factors which influence dental work (organizational, ergonomically, psychosocially, individuality, etc.) and it is very important to identify which of these factors are related to MS pain. Elimination of these harmful factors and use of effective preventative measures can drastically improve dentists working performance, quality of dental work, and consequently, the satisfaction of patients.
Different countries have conducted studies to determine the prevalence of MS pain within their dental profession [20] [21] [22] . In addition, the risk factors for MSDs among dentists is well documented [2, 6-9, 20, 22] . So far, the results of various studies have suggested that inappropriate working organizations, use of non-ergonomically designed equipment, and working under pressure are the most common risk factors for MSDs. Importantly, an inadequate dentist's working posture has been recognized as the main risk factor for development of MSDs [1] .
On the other hand, the preventive measures of MS pain have not been measured so far and their assessment is of paramount importance for the future dental profession since the increased longevity and increase in retirement age [23] .
In order to overcome these problems and make contributions to preventing MS pain and WMSDs in modern dentistry, the main research aims of this study were following: Identifying the risk factors for MS pain during dental work. Evaluating the consequences of the risk factors for MS pain on dental work. Establishing the most effective preventive measures of MS pain among dentists.
Methods
Study design
The study used a self-reporting questionnaire (SRQ) which is specially designed by the researchers, as new test instrument. The questionnaire included 78 questions that defined: individual characteristics, socio-economic factors, methods and organization of work, job satisfaction, health status, presence and location of MS pain, applied prophylactic activities and treatment. Most of the questions were close ended. The complete questionnaire is presented in Appendix 1.
The questionnaires from the previous studies focused only on presence and location of MSDs and MS pain but they didn't evaluate the risk factors for MSDs and MS pain and their consequences on dental work. Also they didn't recognize the preventive measures of MSDs and MS pain. Since available questionnaires could not give adequate information to satisfy the research aims of this study, researchers needed to develop a new questionnaire in order to identify the main risk factors for MS pain during dental work and the wide variety of contributing factors for the development of WMSDs. Furthermore, a new questionnaire was needed to assess the consequences of the risk factors for MS pain on dental work and to identify preventive measures of MS pain.
Participants were asked to report pain or discomfort during their work in the last year. The pilot study was performed for validation of the SRQ before its distribution. This questionnaire represents a new method for measuring the effects of risk and protective factors of MS pain.
Participants
Questionnaires were distributed via e-mail to the registered working active dentists from Serbia, whose contacts were in the national base during the year 2015. After two weeks participants were reminded by e-mail. The study included dentists who worked in both the private and public sectors. A total of 500 questionnaires were distributed, with a response rate of 71.2% (356/500).
Exclusion criteria were degenerative, inflammatory rheumatic diseases and diseases of the central nervous system.
Informed consent approved by the Ethics Committee of the Dentistry School, University of Belgrade (number 36/9) was obtained from the participants.
Respondents were able to respond directly, by e-mail, or by post mail. Data was then collected, transferred to the database and statistically analysed.
Data analysis
Statistical analysis was undertaken using SPSS version 18.0 software package, with data analysed using descriptive and analytical methods. Differences in proportions was tested by Pearson's χ 2 test and parametric Student's t-test or non-parametric MannWhitney test.
Logistic regression analyses were used to determine the risk factors. Results are presented as Odds Ratio (OR), with 95% CI (95% confidence interval) and p-value. All parameters were analysed in the univariate model, and statistical significances were included in a multivariate analysis. Statistical significance was determined at p ≤ 0. 05.
Results
Demographic characteristics of the dentists and its impact on MS pain
A total number of 365 questionnaires were returned, indicating a response rate of 71.2% (356/500 dentists). Dentists working in public and private sectors, 25.8% and 59.8%, respectively and in both sectors 14.3%. The percentage who lived and worked in the urban and rural regions was 91.3% and 8.7%, respectively. Practice areas included 64% of general dental practitioners, 12.6% pediatric dental consultants, 5.1% prosthodontics specialists, 4.8% oral surgery specialists, 4.5% endodontists, 3.7% orthodontists, and 1.4% general dental consultants.
The sample mean age was 42 ± 9.75 years with 66% of female dentists. The sample average values were: 23.81 ± 3.56 kg/m 2 for the body mass index, 6.81 ± 1.10 years dentists spent for full-time studying dentistry, and 13.65 ± 9.44 years for full-time working experience. Only 2.2 percent of dentists were left-handed. Left-handed dentists used right and the dominant hand during work in 62.5% and 25.0%, respectively. Only 12.5% were able to work with both hands. The average number of treated patients was 31.99 ± 22.82 per week, and 6.4 patients per day, while 47% of dentists worked without dental assistant. Finally, the job satisfaction among dentists was 81%.
Relations between occurrences of pain during work with observed demographic characteristics of the dentists are given in Table 1 . Occurrence of pain was statistically higher in older dentists, with longer work experience, female dentists and dentists with children (p ≤ 0. 01). The most affected by pain during work were consultants of preventive and pediatric dentistry (p ≤ 0. 01). The presence of pain during work is less among subjects who worked in private institutions (p ≤ 0. 01).
Prevalence of work-related MSDs among dentists
Twenty eight percent of the dentists diagnosed had some type of MSDs. The most common workrelated complaint was MS pain and had a high prevalence (82.6%) among dentists. The most commonly affected body regions were the neck (49.5%) and the lumbar spine (46%). The first signs of workrelated MS pain appeared after three years of work. Symptoms of carpal tunnel syndrome showed in 22.8% dentists. They reported that the following problems affected their hands during or immediately after work: 16% of them felt loss of normal sensation and problem with coordination, 22.8% stiffness and numbness, 22.2% weakness and fatigue. Dentists felt pain and fatigue in their hands frequently after the endodontic interventions (32.3%), then after tooth extractions (27%), during work with children (13.8%), and after the prosthodontics treatments (10.7%). The worst pain dentists felt during work (49.3%), then during work breaks (36.5%), and after work time (13%).
Body postures and their influence on work-related MS pain
The different work postures among dentists are the following: 52% of the dentists were standing and 25% of them were sitting, while in only 23% they changed their working position. Association between occurrences of pain during dental work with the observed working conditions and habits are presented in Table 2 . The dentists who changed their body postures and (p ≤ 0. 05) attempted to work in a proper body posture during work (p ≤ 0. 01) had a statistically significant low rate of MS pain. Also, the occurrences of pain were significantly more prevalent among dentists who used the therapeutic chairs without lumbar support (p ≤ 0. 01), and without armrest (p ≤ 0. 05). Dentists who kept the same body posture without a break for a long time had the highest prevalence of MS pain.
Work schedule and its effect on MS pain
Relations between occurrences of pain during work with an average time engagement of the dentist was reported in Table 3 . The dentists who had more patients per week had statistically significantly high prevalence of MS pain (p ≤ 0. 01) but those working with or without a dental assistant has no influence on pain presence (p ≥ 0. 05). Long working hours and more working days per week, indicated significantly high rate of reported pain (p ≤ 0. 01). The occurrence of pain was significantly higher among dentists who do not take a break during work (p ≤ 0. 01) and who worked with patients between 6 to 8 hours a day (p ≤ 0. 05). Also, there was a high prevalence of MS pain (p ≤ 0. 05) in dentists who had bad sitting body postures during work on computer for up to 4 hours a day.
Health status of the dentists and its link to MS pain
Thirty percent of dentists suffered from chronic diseases. Most of them had cardiovascular disease and diabetes with 61.7% and 21.5%, respectively, and in 16.8% they had both diseases. Also, they had varicose veins in 23.9%. The frequency of allergic reactions to latex was 63.3% and to other allergens was 8.9%. Headaches and sleeping problems affected 28.4% and 23% of the dentists, respectively. The presence of chronic diseases showed immense impact (p ≤ 0.05) on presence of MS pain among dentists. Table 4 describes relation of work-related MS pain to health status of the dentists.
Attempt to combat MSDs discomfort among dentists
Only 16% of the dentists used massage therapy and 44% of them exercise regularly. They used magnification devices in only 2.8% of the cases. Magnification loupes were the most commonly used among magnification devices (90%). Dentists mostly used them while performing endodontic treatment (90%) and when doing periodontal surgery (10%). Table 5 presents relations of the preventive measures and used equipment to MS pain. Among all preventive measures, physical activity has an immense influence on the reduction of MS pain among dentists (p ≤ 0. 01). Also the dentists who had MS pain used massage treatments more often than the others dentists (p ≤ 0. 01).
Consequences of work-related MS pain, injures and infections on dentist's work ability
The results in Table 6 revealed MS pain has an immense impact on work habits among dentists. The frequency of work breaks and absence were high. When seeking medical treatments they used analgesics to ease MS pain. Dentists used analgesics in 47.3% of the case and they were seeking medical treatment in 39% in order to combat the MSDs discomfort. Musculoskeletal diseases, varicose veins, headache, problems with sleeping and symptoms that were indicative of carpal tunnel syndrome, are correlated with MS pain during work (p < 0.001) ( Table 6 ). There was 17% of injured dentists in the workplace during the last year. The most frequent injuries were the following: 45.7% stab, 34.3% cuts, and 20% patients bites. Forty percent of dentists had respiratory infections, while eye infections and injuries were occasional with 40% and 16.6%, respectively. Associations of work-related injuries and infection with a presence of MS pain are presented in Table 7 . Dentists who had work-related injuries and infection had significantly high prevalence of MS pain (p ≤ 0. 01) but different types of injuries did not show statistical significance (p ≥ 0. 05).
The risk and protective factors of MS pain among dentists
To define the risk and protective factors univariate and multivariate logistic analysis were used and the results are presented in Table 8 . The multivariate analysis showed that risk factors for an onset of the musculoskeletal pain symptoms were the follow- Presence of pain increases the needs for massage treatments (OR = 16.018), higher frequency of physical activity (OR = 10.902), and more frequent breaks during work (OR = 6.518).
Discussion
The results of the study indicated that 82.6% of Serbian dentists suffered from work-related musculoskeletal pain. The data from relevant literature showed that in other countries prevalence of musculoskeletal pain among dentist ranged from 64% to 93% [7, 8] . Also, the most common body regions affected by pain were the neck (49.5%) and lumbar back (46%). The previous studies show the prevalence of neck pain from 19.8% to 85%, while the prevalence of back pain is 36.3% to 60.1% [8] , which is in a range with our results. Also, the symptoms which are indicative of carpal tunnel syndrome (loss of coordination, stiffness, numbness and increased fatigue in the area of the fingers, hands, arms, forearms and shoulders), were highly represented among dentists and according to the results of multivariate logistic analysis, they were significantly associated with an appearance of pain during dental work.
In the studies from other countries, different measurement tools were used in order to determine musculoskeletal symptoms. In many studies a [21, 22] . Questionnaires specially designed for the current study in addition to location and presence of MS pain, authors wanted to identify the main risk factors for MS pain during dental work, to assess the consequences of these factors on dental work, and to identify preventive measures of MS pain (Appendix 1). Pilot surveys and questionnaires also appear to be a widely used method of measuring the occurrence of MS pain [23, 24] . Although this self-reported method may have limitations, such as the bias of respondents, it was chosen because it represents a cheap, convenient, widely used available and effective method [23, 24] .
The occurrence of pain was significantly higher among women dentists, which is consistent with the results of other studies [25] [26] [27] . Also the results show the occurrence of MS pain was significantly higher in older dentists and in dentists with longer working experience. The reason of these findings most probable is the cumulative effect of MS pain on the development of MSDs. A study by Puirene, et. al. showed that advancing years had a significant negative impact on dentist's musculoskeletal health [17] . In contrary, some authors found that pain in dentistry occurred more frequently among younger dentists because experienced dentists learn how to work in adjusted postures to avoid pain. Alternatively, the other group of authors had an opinion that dentists had left the profession due to pain [22, 23] .
Prevalence of pain during work was the highest among specialists of preventive and pediatric dentistry, which is in accordance with the results of Newton et al. [28] . This result can be explained by the fact that work with younger patients can be physically and mentally extremely demanding. Among children patients, levels of anxiety and fear caused by dental intervention are frequently high and work with these children requires a higher level of operator's body flexion. Unnatural working posture with time, could lead to the development of WMSDs.
We found the prevalence of pain was significantly higher among dentist who worked in non-ergonomic environment, used therapeutic chairs without lumbar support and armrests. It is well established that use of ergonomically designed equipment reduce muscular load and fatigue during work and can reduce risk of developing WMSDs [16, 18, 19] . On the contrary, the results from this study pointed out that previous knowledge about WMSDs was not well disseminated and implemented in a daily dental work.
In this study the lowest prevalence of MS pain was among dentists who changed their working position during work. In a standing position, different groups of muscles were activated compared to those in a sitting position while performing dental work [29] . By combining both, sitting and standing, excellent work can be achieved and the different groups of muscles are less loaded. Dynamic work is less tiring and more efficient than static work. These findings are in accordance with electromyography and inclination of the study by Pejcic at al. where the results showed importance for changing working position in order to reduce fatigue and MS pain among dentists [30] . Furthermore, the selfrated pain was significantly higher among dentists who worked in the same position for longer than 40 minutes. Taken together, the alterations between these two postures, sitting and standing, should be highly suggested as preventive measure of MS pain to all dentists. This can be achieved by implementing the body postures alteration principle to the dental educational system, as early adopted good working habits are the best strategy in prevention of MSDs. Likewise, the body postures alteration principle was recommended by the American Dental Association (ADA) and European Society of Dental Ergonomics (ESDE) [31] .
Current studies showed dentists with poor general health had higher prevalence of MS pain and indicated that good general health of dentists is a precondition to work without MS pain. In accordance with the above mentioned the results of multivariate logistic regression analysis indicated that dentists with varicose veins had high prevalence of MS pain. Also it is well known fact, dentistry is a highstress profession and the most frequent stress-related consequences are sleeping problems and headaches [32] [33] [34] . The results showed dentists who had sleep problems reported more frequent headaches and had a higher prevalence of self-rated MS pain. Literature suggests that psychological factors and emotional stress play key roles in the occurrence of WMSDs [35] . High level of stress in dentistry is caused by nature of clinical work, bad working environment, working with nervous and anxious patients, dental procedures which often cause pain to patient. Time pressure, often poor atmosphere in the workplace caused by problematic interpersonal relationships were also contributing factors of stress and MS pain [36] . Furthermore, long exposure to allergenic chemicals which can be found in many products used in the dental workplaces causes allergies in dentists [37] . Dental professionals who participated in the study have the highest prevalence of allergies to latex.
Dental work can be defined as very intensive and there are many dentists who work in more than one institution with long working hours per day [17] . We found that dentists who had longer working hours, high number of patients and more working days per week also had a higher prevalence of MS pain. We strongly suggest that adequate workflow organizations with periodically rest breaks during work are useful preventive measure for reducing MS pain among dental professionals.
In this study, use of the magnification devices among dentists was very rare and had no influence on the prevalence of MS pain. The most likely reasons for this outcome are their high prices, long-time adjustments and insufficient training among Serbian dentists, even though it is well know that usage of magnification devices can improve working posture and reduce MS pain [18] .
The presence of MS pain during dental work can decrease concentration, and consequently cause work-related injuries. The most common reported injuries in this study were stab and cuts with dental instruments and bites by patients. Also there were a large number of dentists who use protective equipment. However, we did not find a direct influence of usage of protective equipment on prevalence of work-related MS pain among dentists. MS pain is a very serious psycho-social problem, causing reduced efficiency and satisfaction among dentists. Dentists with MS pain had significantly higher interruption in a daily work, breaks during the work and absenteeism. Also the presence of MS pain had a significant influence on frequent analgesic use and seeking for medical care among dentists. During work, dentists should be fully committed to their patients and occurrences of MS pain during work can cause serious consequences.
Until now prevention strategies in reduction of MS pain among dentists haven't been measured. In current studies, the most effective preventive measures were regular physical activity and massage treatments. As physical activities have a positive influence on musculoskeletal system, improving flexibility, coordination, and muscular strength our recommendations are that physical activities should be adjusted to work schedule and physical characteristics of dentists.
Limitations to the study
Self-reported questionnaire was designed by researchers and as a method has limitations, such as exaggeration, fear to revile private details and other various biases may affect the results. Statistical sample size also affects the results in this study. Furthermore, response bias may occur in that dentists with MSDs may be more likely to answer the survey.
Conclusion
The questionnaires exclusively developed by authors can serve as a new and reliable test instrument for identification of risk and protective factors of MS pain in dentistry and also to document and evaluate self-reported MS pain during work. This method can be widely used in further research and make huge contribution and improvement in science of dental ergonomic.
MS pain had high prevalence and it was the most common symptom of WMSDs among Serbian dentists. The results indicated that general health of dentists and workflow organization have a significant impact on presence of MS pain. In the higher risk for development of MS pain are older dentists and especially females who suffer from chronic diseases and/or who had long working hours per week and/or with high frequency of treated patients. In everyday life, dentists should implement regular physical activities and massage treatments, which were the most effective preventive measures in this study. Furthermore, by combining correct sitting and standing positions during work with adequate use of ergonomically designed equipment dentists can significantly reduce MS pain. Finally, an adequate workflow organization is an imperative preventive measure for reducing MS pain and development of WMSDs.
The above mentioned data should widely disseminate to all dentists and implement in the educational system which will be the best preventive measure to combat MS pain and development of WMSDs among dentists.
